Objective: The Hayling Sentence Completion Test (HSCT) measures prepotent response inhibition, useful to assess inhibition deficit in a variety of clinical conditions. Despite its extensive use by numerous clinical and research groups in France, normative data for the HSCT are not yet available for French speakers. Method: A French version of the HCST was administered to a sample of 426 healthy community-dwelling French speaking adults (20-87 years of age). Normative data were calculated using a regression-based approach. Results: Regression analyses indicated that both age and education were associated with response latency and number of errors in the inhibition condition. Equations to calculate Z scores are provided for clinical use. In addition, we provided a clear guideline for the error scoring of the inhibition condition by establishing a corpus of errors adjusted for the linguistic and cultural realities of the French population. Using this guideline, a good inter-rater reliability was observed. Because of the restricted ranges of response latency and number of errors in the automatic condition, the relationship between these scores and demographic factors was not explored. By consequence, no norms were proposed for this condition. Conclusions: We provide normative data of a French version of the HSCT for adults and elderly patients. These normative data obtained will be extremely useful for clinical practice and research purposes.
Introduction
Inhibition is considered as representing a main executive function and has become central in numerous research domains within psychology (Dempster & Brainerd, 1995; MacLeod, Doff, Sheard, Wilson, & Bibi, 2003) . It is widely agreed that inhibition is a multidetermined process encompassing at least three aspects: (1) prepotent response inhibition (i.e., the ability to deliberately suppress dominant, automatic, or prepotent responses), (2) resistance to distractor interference (i.e., the ability to resist interference from distracting information in the external environment), and (3) resistance to proactive interference (i.e., the ability to resist intrusions into memory of information that was previously relevant but has since become irrelevant) (Friedman & Miyake, 2004) . Considering inhibition as a multidimensional construct highlights the need to develop validated clinical tools for the assessment of each inhibition facets.
Among the available tools to assess inhibition, the Hayling Sentence Completion Test (HSCT) is a measure of prepotent response inhibition originally developed by Burgess & Shallice (1996) to detect frontal lobe dysfunction. In this test, participants hear sentences in which the last word is missing. In an automatic condition, participants are asked to complete properly sentences (i.e., by the word strongly cued by the beginning of the sentence), thus reflecting the initiation of a semantically supported automatic response. In the inhibition condition, subjects are asked to refrain the cueing word and to complete the sentence with an entirely unrelated word. To correctly perform this condition, participants must inhibit the cueing word and its semantic associates (Burgess & Shallice, 1996) . As the HSCT is entirely spoken, it is particularly appropriate for individuals with a wide range of problems such as those involving reading, visual perception or movement deficits.
Since its original publication, altered performances on the HSCT have been described in a wide variety of neurological, psychiatric and neurodevelopmental conditions such as Alzheimer disease and mild cognitive impairment (Bayard, Jacus, Raffard, & Gély-Nargeot, 2014; Belleville, Rouleau, & Van der Linden, 2006 ), brain traumatic injury (Dymowski, Owens, Ponsford, & Willmott, 2015) , cerebrovascular accident , Parkinson's disease (Obeso et al., 2011) , schizophrenia, and bipolar disorder (Fond et al., 2013; Martin, Mowry, Reutens, & Robinson, 2015; Wang et al., 2013) , and autism spectrum disorder (Zimmerman, Ownsworth, O'Donovan, Roberts, & Gullo, 2016) . Despite this extensive use in clinical populations, very little HSCT normative data are available. Furthermore, some norms included small sample size. To the best of our knowledge, only three normative studies have been published for the HSCT in adults and elderly people (Bielak, Mansueti, Strauss, & Dixon, 2006; Burgess & Shallice, 1997; Pérez-Pérez et al., 2016) . These normative studies were developed using: (1) a sample of 457 typically English-speaking older adults aged between 53 and 90 years from British Columbia (Canada, Bielak et al., 2006) , (2) a sample of 121 healthy individuals aged between 18 and 80 years from England (Burgess & Shallice, 1997) , and (3) a sample of 185 healthy controls aged between18 and 99 years from Spain (Pérez-Pérez et al., 2016) . To date, there are no HCST normative data for the French-speakers although this test is used in numerous French-speaking clinical and research groups.
The aim of the present study was therefore to establish normative data for the HSCT, adjusted to the linguistic and cultural realities of the French population. As recommended by Strauss and coworkers (Strauss, Sherman, & Spreen, 2006) , we provided a clear guideline for the error scoring of the inhibition condition by establishing a corpus of several hundreds of errors (see Supplementary materials 1 online ).
Methods

Participants
A total of 426 healthy community-dwelling adults living in Montpellier and Lille (France), whose native and usual language was French, were enrolled in this study. The sample was composed of 180 men (42.3%) and 246 women (57.7%) aged between 20 and 87 (mean age = 56.5 years; SD = 17.9). Education level varied between 5 and 22 years (mean education level = 12.4 years; SD = 3.4). Volunteers were recruited via public advertisements to participate in research projects led by some of the authors (EGN, SB, JPC, SR in Montpellier, CM in Lille, France), and secondary data from those projects were used in this normative study. Participants were also recruited by registered psychologists from the Collège des Psychologues Cliniciens spécialisés en Neuropsychologie du Languedoc Roussillon (CPCN-Languedoc Roussillon). Any person with a history of neurological disease, psychiatric illness, head injury, or stroke was excluded. Participants above 50 years old were screened for cognitive impairment using the Mini Mental State Examination. According to French normative data, all of them had a score above the 10th percentile taking into account level of education (Kalafat, Hugonot-Diener, & Poitrenaud, 2003; Lechevallier-Michel, Fabrigoule, Lafont, Letenneur, & Dartigues, 2004) .
Hayling Sentence Completion Test
We used the French validated adaptation of the HSCT (f-HSCT) proposed by Belleville and coworkers (Belleville et al., 2006) . There were two conditons (automatic and inhibition), for which two different sets of 15 sentences were assigned. In both conditions, the examiner read aloud the incomplete sentence to the participant. In the automatic condition, the particpant was asked to provide a word that best completed the sentence and to work as quickly as possible. In the inhibition condition, participants were asked to complete the sentence as rapidly as possible with a word that was completely unrelated to it, which made no sense at all in the context of the sentence. The automatic condition was tested prior to the inhibition section. Two pratice sentences were initially presented prior each condition. Time of response latency was measured in both conditions and collected following the instructions for administration and registration of the test (Belleville et al., 2006) . Time latency in automatic condition assesses the participants' rapidity in initiating an automatic answer, and time latency in inhibition condition provides information about the time they took to inhibit the dominant response and find an anomalous one. These latencies were measured with a stopwatch, which was started as soon as the last word of the sentence had been read by the examiner and stopped when participants began responding. Response latencies were recorded in whole second units and were not rounded up. Therefore a time between 0 and 0.99 is scored as 0. An average response latency score of all the individual latencies for each condition separately was then computed based on all responses including errors. No time limit was given for responding. However, the majority of responses (whether correct or incorrect) were given within 30 s. We also scored errors to evaluate the efficacy of the strategy elaborated by the participant to give an anomalous response.
Responses were collectively scored by two raters (CM and SB) with the criteria proposed by Burgess & Shallice (1997) . According to this scoring system, in the inhibition condition, three points were obtained when the sentence was completed with the word that fit with it. One point was given when a subject gave an antonym, a semantically related word, a word that made a vague reference to the sentence, an obscenity or another inappropriate word. Participants received zero points when an unrelated response was provided. A larger error score indicated a lower performance. Given recurrent disagreements between the two raters in the early stages of scoring, in particular for the "semantically related word" category, we established a clear scoring guideline for errors (see Supplementary material online). To test the inter-rater agreement, 50 participants were randomly extracted from the database before establishing guidelines scoring. Their errors in the inhibition condition were rated by two blind raters using the established guideline.
In the automatic condition, an error score was computed following the reversed correction criteria: 3 error points were given when participants gave an unrelated word, 1 point when the word was semantically connected to the target or semantically relevant to the sentence, and no error point for the target. A larger error score corresponded to a lower performance.
The total time to complete both conditions of the f-HSCT was approximately five minutes.
Statistical Analyses
The statistical analyses were carried out with SPSS version 20.0 for Windows (SPSS, Inc. Chicago, USA). Because distribution of the f-HSCT measures were skewed, logarithmic transformations were performed using log 10 (X + 1). For all transformed scores, skewness values fell within the acceptable range (i.e., between −1 and +1).
Inter-rater reliability was computed using intra-class correlation. To determine the association between transformed f-HSCT variables and the demographical variables, Pearson correlations were performed with the entire sample and effect sizes were examined (with Cohen's r of .10, .30, and .50 defined as small, medium, and large effect size, respectively). Gender effect was analyzed with a Student's t-test for independent samples. Finally, in order to correct for demographic variables that may contribute to the variability of the f-HSCT, normative data were calculated using a regression-based approach. A forward stepwise linear regression was performed with f-HSCT measures (number of errors and response time) as dependent variables and age, and education level as independent variables. The level of significance was α < .05.
Results
Error Score
Errors on the automatic condition (inter-quartile range = 0, range 0-3) were rare, with 98% of participants making less than 2 errors on the total number of responses produced in this section. Consequently, no further analyses were performed on this raw score.
In the inhibition condition, error score condition (inter-quartile range = 4, range = 0-18) was positively correlated with age (r = .27, p < .001) and negatively associated with education (r = −.31, p < .001). No gender effect was found, = − t .003
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, (p = .99). Regarding inter-rater reliability, the intra-class correlation coefficient was .82, which corresponds to a high level of reliability. Furthermore, paired t-test did not reveal any significant difference in the scoring between the two raters (p = .35).
Time Latencies
Because of the restricted ranges of time latencies on the automatic condition (inter-quartile range = 0, range = 0-2), we did not explore the relationship between this score and demographic factors. Most participants completed the automatic condition with average time latencies lower than 1 s (96%) and with average time latencies lower than 2 s (99.5%).
Time latency score in the inhibition condition (inter-quartile range = 3, range = 0-24) was positively correlated with age (r = .25, p < .001) and negatively associated with education (r = −.20, p = .001). Higher age and lower educational achievement were therefore both associated with slower time response. Preliminary analyses indicated that women were less educated than men, = , p = .10.
Regression-based Normative Data
Since both age and education (based on the number of years of education) showed sizeable associations with the inhibition f-HSCT indices, only these two variables were considered in regression analyses. Models are presented in Table 1 .
Age appears to exert a small but statistically significant influence on response time (6% of the variance) while education may account for the number of errors in the f-HSCT inhibition part (9% of the variance).
When a regression-based approach is used in a clinical application, the raw scores of a person are converted into standardized residuals in three steps. Firstly, the predicted scores of the person are calculated [predicted score = β 0 + β 1 (age) + β 2 (education)]; secondly the residuals (e id ) are calculated [e id = predicted score -log 10 (X + 1)]; and thirdly, the residuals are standardized (Z i = e id /SD residual). We can illustrate this method for the inhibition condition with the following example: a 73-year-old man with 12 years education took 11 s and his error score was 10. To determine whether or not this participant obtained a normal response time score, a predicted score was calculated using the equation Because the regression-based approach requires some calculations, we suggest downloading automatic formulas available on the following website: http://www.lab-epsylon.fr/productions/ 1 (see Supplementary materials 2 online).
Discussion
The objective of our work was to establish normative data for a French version of the f-HSCT in adults. The results of our first study provide the only source of norms for this test in this population. Furthermore, we enhance the available normative data for this test by including a wider range of age (from 20 to 87 years).
In this study, we decided to use a regression-based approach to calculate our normative data for time measures. We have several reasons for preferring this approach to the "traditional" method in which raw scores are converted into Z scores to evaluate a person's performance. The first reason is that the regression-based norms provide more accurate estimates of population statistics because they are based on equations that are derived from all demographic groups (Van Breukelen & Vaeyen, 2005) . The second reason is that with the regression-based approach, norms can even be provided for people with demographic characteristics that were not in the sample groups. For example, in this study, despite our best efforts, we had difficulties recruiting very old people (i.e., 80 years and more) with a high level of education. This problem stems from the fact that among earlier generations, further education was not the norm. Finally, with this approach, the total sample size does not need to be subdivided to provide norms that are corrected for demographic variables. This dramatically decreases the sample size on which the normative statistics are calculated. Given the restricted ranges of time latencies and error scores in the automatic condition, we did not compute normative data for these indices. This contrasts with previous published norms (Bielak et al., 2006; Burgess & Shallice, 1997; Pérez-Pérez et al., 2016) . In our normative-sample, 98% of participants produced less than 2 errors in the automatic condition and 96% completed the automatic condition with average time latencies lower than 1 s. We used the French version of the HSCT proposed by Belleville and coworkers (Belleville et al., 2006) .Our results are consistent with the pre-validation phase procedure of this test, in particular as regards the error score. Indeed, Belleville and coworkers conducted a pilot study in which they asked to a sub-set of participants to provide the final word for 50 incomplete sentences. Thirty sentences were then chosen from this set on the strength of having been completed by all participants with the same word. In a final step, sentences were randomly assigned to either the automatic or inhibition condition. In addition, the restricted ranges of the automatic condition indices reported in our study are in accordance with those observed in young and elderly non-clinical adults having completed this French version (Belleville, Chertkow, & Gauthier, 2007; Belleville et al., 2006) . Our results extend previous findings showing that age marginally affects the production of an automatic semantic response (Guerdoux, Dressaire, Martin, Adam, & Brouillet, 2012) .
As regards the inhibition condition, gender was not significantly associated with HSCT performances, as in the three available normative data sets (Bielak et al., 2006; Burgess & Shallice, 1997; Pérez-Pérez et al., 2016) . This lack of association is also supported by Miyake and coworkers' studies on inhibition related-functions in very large non-clinical samples (Friedman & Miyake, 2004; Friedman et al., 2008) . We found that both age and education were independently related to the inhibition response time and error scores. No interaction was found between these demographical characteristics in their relationship with the HSCT inhibition indices.
Unfortunately, only provisional comparisons of our normative data with those provided in two previous studies are possible. In fact, the original Burgess and Shallice (1997) normative data are limited for use in aging by their small older group. Furthermore, these authors did not report data relative to education. As regards education, we observed that highly educated participants performed better than those with fewer years of schooling. In our population, education accounted for 2%-9% of the variance of the HSCT inhibition indices, which is a small effect. This small effect size is in accordance with that reported in the very recent normative study of the test performed in Spain (Pérez-Pérez et al., 2016) . In this study, education accounted for 16%-21% of the variance of the inhibition indices. Contrary to our results, in their study presenting normative data for older Canadian Anglophone adults, Bielak and colleagues (2006) found that education did not significantly contribute to the HSCT inhibition indices. Nevertheless, despite the considerable care taken by these authors in assembling a relatively large and typical aging sample with a wide range of education (6-23 years), 92% had at least 12 years of education. This negative skewed distribution which is not classically observed in older elderly might contribute to this lack of accordance with our observation. Besides this methodological consideration, our results are consistent with those of the literature, showing that level of education significantly contributes to prepotent response inhibition task performances , even in older elderly (Bayard, Erkes, Moroni, & CPCNLanguedoc Roussillon, 2011; Troyer, Leach, & Strauss, 2006) .
We observed that older age was associated with slower performance and a higher error score in the inhibition condition (respectively, 6% and 7% of the variance). This pattern of results is in line with studies that have directly compared the HSCT performances of healthy aged participants with those of young controls (Andrés & Van der Linden, 2000; Belleville et al., 2006) . Note that the influence of age on inhibition is apparent, even after controlling for the effects of slowness (Andrés & Van der Linden, 2000) .
Bielak and coworkers found in their normative sample aged 53-90 years that age accounted for 10% of the variance in inhibition time score. Nevertheless, they described a negligible association between age and the inhibition error score sharing only 2% of a common variance. This observation contrasts with our results, those reported by Pérez-Pérez and coworkers (2016) and the aforementioned literature on cognitive aging showing that age negatively affects the error scores and response latencies in the HSCT. One possible explanation for this discrepancy between normative studies could be the varying range of age of recruited samples (Canada: 37-year band, from 53 to 90 years of age; France: 67-year band, from 20 to 87 years of age; Spain: 62-year band, from 18 to 80 years of age). However, after performing an additional analysis on participants aged above 53 years from our sample, age still significantly contributed to the inhibition error score (7.2% of the variance). Developmental trajectories of the inhibitory related-functions from early childhood to early adulthood have been well documented over the recent year (Friedman et al., 2007 (Friedman et al., , 2015 Friedman, Miyake, Robinson, & Hewitt, 2011) . However, their evolution in older age, in particular after 60 years old, remains unknown. As such, further studies are needed.
Our study has several limitations. Participants were not recruited from a population sample but from an adult participants' pool and senior-citizen associations. Ideally, a random sampling method would have been preferable, maximizing the representativeness of the sample. The clinicians must be aware of this limitation because it reduces the generalization of the f-HSCT normative data use. A second limitation of the present study is the relatively small number of participants in each age-education cluster.
In conclusion, the main objective of this study was to propose a valid and norm-based cognitive test that exploits the prepotent response inhibition to clinicians working with adults and elderly patients. To our knowledge the present study is the first to establish normative data for the f-HSCT in the French population. The f-HSCT is of great clinical interest. It requires only a short administration time (~5 min) so it may be ideal to detect response inhibition in clinical populations with cognitive fatigue. Furthermore and as recommended by Strauss and coworkers , we established a clear guideline for the error scoring of the inhibition condition.
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Appendix
To determine whether or not a participant obtains normal scores on the HSCT inhibition indices, several steps are needed:
Step 1 -Collect performance in each score of the HSCT inhibition condition. A 73-year-old man with a level of education of 12 years: response time = 11 s and number of errors = 10.
Step 2 -Logarithmic transformations. In this step, all f-SVT scores undergo a log 10 ( X + 1) transformation. Step 3 -Calculate for each index a predicted score using a specific regression equation. Step 4 -Calculate residuals and Z-score for HSCT response time and number of errors. 
